Abstract 50
The tanning industry uses large quantities of Cr whose contribution to the contaminant burden 51 of aquatic organisms is not yet fully understood. The present study investigated Cr 52 bioaccumulation by indigenous chironomids in a freshwater ecosystem impacted by tannery 53 effluents. Total Cr content in sediments and in chironomids was determined on several 54 occasions. Chromium distribution among sediments and pore waters, and Cr speciation in 55 overlying and pore waters were studied in detail to understand possible factors controlling Cr 56 bioavailability to chironomids. Total chromium concentration ranged from 69 to over 3000 µg 57 g -1 dry weight in sediments and from negligible to over 300 µg -1 dry weight in chironomids 58
(values corrected for sediment gut content). Filterable (<0.45 µm) Cr concentration in 59 overlying waters and pore waters from the surface sediment layers (upper 2 cm) ranged from 60 3 to 120 µg L -1 , with Cr(VI) representing 0.5-28% of the total filterable Cr. Chromium 61 profiles in pore waters as determined by diffusive equilibration in thin films (DET) and 62 diffusive gradient in thin films (DGT) were comparable. DGT-labile Cr accounted for less 63 than 2% of the total Cr measured by DET. Although Cr concentrations in sedimentary and 64
Introduction 74
Chromium has a complex biogeochemical cycle which is essentially controlled by the 75 simultaneous environmental occurrence of two redox forms, Cr(III) and Cr(VI), having 76 contrasting (geo)chemical and (eco)toxicological properties (2016) . Hexavalent Cr is 77 considered of most concern due to its ecotoxicity and proven carcinogenicity in humans, 78 while trivalent Cr is usually regarded as relatively harmless (WHO, 2009; . Hexavalent 79
Cr also has high environmental mobility, while Cr(III) tends to bind to suspended particulate 80 matter and colloids and eventually accumulates in bed sediments ( 
Methods 139

Study area and sampling 140
The Dunajec river/Czorsztyn reservoir system (Southern Poland, Fig. 1 ) is impacted by 141 wastewater discharges from about 300 small tanneries in the Nowy Targ region. Due to 142 inefficient tannery wastewater management, pre-treated or raw wastewaters from these 143 tanneries are discharged into local sewers or directly into nearby watercourses. From late 144
October through February, river sediments in the proximity of tannery effluents are impacted 145 by chromium, while spring and summer floods tend to flush the contaminated sediments into 146 the Czorsztyn reservoir (Pawlikowski et al., 2006; Szalinska et al., 2010 Site 2 (hereinafter Maniowy) was located in the Czorsztyn reservoir in a small bay, locally fed 151 by a small creek which receives the effluent from the local wastewater treatment plant before 152 flowing into the bay (Fig. 1) . Tanneries are also present in the region of Maniowy, however 153 only a few of them discharge their waste to the wastewater treatment plant. 154
For all sampling periods, sediment samples (2-10 kg) were collected using a plastic scoop 155 (Waksmund, wading against the river current along the right bank of the river) or a Van Veen 156 grab (Maniowy, the grab was operated from a small boat) and directly homogenised in the 157 field. Larvae of indigenous chironomids were recovered in the field by sieving additional 158 aliquots through 2 and 1 mm sieves. Fourth instar larvae were recovered from the sieves with 159 plastic tweezers, washed in deionised water (5 min), 1 mM EDTA solution (10 min) and again 160 deionised water (5-10 minutes). After blotting with paper towels, 14 to 20 larvae were pooled 161 procedures was evaluated using reference materials LKSD-1 (lake sediments) and STSD-2 241 (stream sediments) (Lynch, 1990 ) for sediments and TORT-2 (lobster hepatopancreas, NRC 242 Canada) for chironomids. Reference waters SLRS-3 from NRC and 1643e from NIST were 243 used to verify instrumental accuracy, with material 1643e being analyzed after a 10-fold 244 dilution. 245
The potentially bioavailable fraction of sediment-bound Cr liable to be released during 246 transit of ingested sediments through chironomids' gut was estimated using the biomimetic 247 Table 2 ). The upper 2 cm of the Waksmund core had Cr concentrations in excess 302 of 2500 µg g -1 and overlaid three layers (2-4 cm, 4-9 cm, and 9-11 cm) with fluctuating 303 levels of Cr contamination. In the core layer between 5 and 8 cm, we visually noticed the 304 presence of fibers and hairs, which is indicative of material originating from tanneries 305 concentrations in pore waters from the uppermost 2 cm were more variable (43±15 µg L -1 , 317 n=3), but decreased below this depth ( Table 2 ). The proportion of Cr(VI) relative to total Cr 318 could not be measured for all the pore water samples collected from the various layers due to 319 the water volume required for voltammetric measurements (Bobrowski et al., 2012). Based on 320 the available 'combined values' (Table 2) , the proportion of Cr(VI) relative to the total Cr 321 content of pore waters varied between 0.5% and 15% at Waksmund and between 5% and 15% 322 at Maniowy. At both sites, the proportion of Cr(VI) was higher in overlying waters (20 % and 323 28 % at Waksmund and Maniowy, respectively) than in interstitial waters. In absolute terms, 324
Cr(VI) concentrations were always higher at Waksmund than at Maniowy (Table 2) Regardless of the methodological aspects, Cr concentrations at Maniowy were lower than 341 those at Waksmund for the same period, but the average proportion of dissolved concentration 342 which was labile (DGT with respect to DET) was small (1 to 2 %) and roughly similar for the 343 2 sites. 344
Finally, Cr concentrations in overlying waters were comparable with those in pore waters 345 from the uppermost 2 cm at Waksmund, while they were lower than the values in pore waters 346 at Maniowy. A flux of chromium from sediments to the water column is therefore possible at 347
Maniowy, while the situation at Waksmund is more variable and no definite conclusions can 348 be drawn (Fig. 2) . Although these analyses (Table 2 ) and the results of DET/DGT (Fig. 2) represent a snapshot 377 of the variable aqueous concentrations experienced by chironomids at the sediment-water 378 interface, Cr accumulation by DGT probes exposed for different times at Maniowy was 379 similar (Fig. S1 ). These additional findings indicate that the sediments' particulate phase was 380 able to constantly resupply Cr to the pore waters (Roulier et 
Factors affecting the bioavailability of sedimentary Cr 404
Given the similar concentrations of biomimetic extractable Cr measured at the two sampling 405 sites (Table 1) (Table 2 and Tables S1a, S1b) (Table S2) . However, only a 4-fold change in Cr levels was measured in indigenous 447 chironomids recovered from these sediments at the same time (Table S2 ) and organisms from 448 the cleanest sediments were those with the highest Cr burden after correction for the sediment 449 gut content (Table S2) . Whether this may be indicative of a decreased Cr availability in highly 450 contaminated sediments or avoidance of such sediments by benthic organisms remains to be 451 ascertained. 452
In any case, it is worth noting that the gut-corrected Cr concentrations measured in the 453 pools of indigenous chironomids at Waksmund and Maniowy (Table 1 and Table S2) Chironomus (Fig. 3 and Table S3 ). This situation reflects typical differences between 473 piedmont streams (i.e., Waksmund) where biodiversity is typically high (Kownacki, 1995) 474 and reservoirs (i.e., Rożnów reservoir on the Dunajec River) where larvae of the genus 475
Chironomus usually dominate (Dumicka et al., 1986 ). Practically speaking, our simplified 476 sampling procedure did not alter the community pattern at Maniowy, but selectively sampled 477 individuals of the genera Chironomus and Stictochironomus, representing only 20 % of the 478 total species, at Waksmund (Fig. 3 and Table S3 ). Stictochironomus can actively migrate 479 along the sediment column (Kiyashko et al., 2004 ) and feed on less contaminated sediments 480 (see the sediment profile in Table 2 
Conclusions 497
High Cr concentrations in sedimentary and aqueous matrices impacted by tannery discharges 498
were not systematically accompanied by high Cr body burdens in surface deposit feeders 499 dwelling at the two sampling locations. However, Cr accumulation by indigenous 500 chironomids did occur despite the low proportion of sediment-bound Cr liable to desorption 501 during gut passage (about 0.1% as estimated using a biomimetic approach). Concentrations of 502 DGT-labile Cr, considered as a proxy for bioavailable Cr(III), and Cr(VI) in pore waters were 503 less than 1% of the total Cr levels. On the other hand, Cr(VI) accounted for 20 to 30% of the 504 total in the overlying water confirming that oxidation of Cr(III) used in the tanning process to 505
Cr(VI) occurred and suggesting that sediments can act as a source of Cr(VI) to the overlying 506 water column. While there is a consensus that deposit feeders get most of their contaminant 507 body burden from sediment ingestion, the possible contribution of water born Cr species to 508 the element body burden in chironomids requires further study. 509
Although Cr accumulation by assemblages of indigenous chironomids is potentially 510 affected by numerous factors (from spatial patchiness in sediment contamination to specific 511 traits of various chironomids genera and species), the present work confirms that Cr released 512 by tannery discharges can accumulate in benthic organisms. These findings are particularly 513 important considering that Cr(III), usually regarded as of little environmental concern, is 514 expected to be the predominant redox form of Cr in sediments impacted by tannery 515 discharges. Metal-tolerant organisms such as chironomids were apparently able to cope with 516 total Cr content exceeding 1000 µg g -1 in the bulk sediment phase. However, such levels of 517 contamination may be high enough to exclude more sensitive taxa, resulting in a simplified 518 community composition and, eventually, non compliance with good ecological quality as 519 required by the Water Framework Directive. Table S3 for details). 9-10 470 n.a n.a ---------10-11 591 n.a n.a --------- 
